Using the continuous moment sum rule it is found that the third vacuum pole P" is important for the forward proton Compton scattering, and the residue of the fixed pole at J =0 is also estimated. The third vacuum pole P" has zero intercept ap"(0)~-0.5. The prediction of the high energy total cross section is consistent with recent experimental results. § 1. Introduction
In the Regge-pole model approach to high energy Compton scattering there Is the possibility of existence of fixed poles 1 )""" 3
) as well as the usual Regge poles in the angular momentum plane. The possible contribution of the fixed poles modifies the Regge-pole model for the Compton amplitude. The finite energy sum rule w~th the right signature fixed pole at J = 0 was first introduced by Drell et al. 4 ) in the proton Compton scattering of real photons. They suggested that the residue of the fixed pole may have the magnitude of the Thomson limit. Damashek and Gilmann 5 ) investigated also the contribution of the fixed pole at J = 0 by analysing the total photoabsorption cross section measured at SLAC. 6 )""" 11 )
Independently, Domingez et al.
)' 32
) also studied this fixed pole by using the continuous moment sum rule. These results show that the magnitude of the residue of the fixed pole is consistent with Thomson limit and that the high energy total photoabsorption cross section data are explained by the Pomeranchuk pole P and the second vacuum pole P' within the present experimental errors.
However, it is apparent that the third vacuum pole P" 13 ) is needed for pionnucleon scattering in addition to the P and P' poles. This vacuum pole can be considered to be associated with a scalar meson and aP'' (0):::::::::-0.5.
Taking this fact into account, we propose here a simple Regge-pole model with the vacuum poles P, P' and P" and the fixed pole at J = 0 for forward proton Compton scattering. By studying the continuous moment sum rule, it :ls found that the three Regge parameters aP (0), aP' (0) and aP" (0) are the same as those for pion-nucleon scattering and the predicted high energy total photo absorption cross section agrees with the data by SLAC.
equal to the Thomson limit /J.(O) = -a/MN= -3 ph GeV. Thus, we can conclude the existence of the fixed pole at J = 0 and the third vacuum pole P" in the forward proton Compton scattering of the real photons.
In § § 2 and 3, we present kinematical preliminaries and the dispersion relations for forward Compton scattering, respectively. In § 4 the high energy behaviour of the forward Compton scattering amplitude and the finite energy sum rule are presented.
In § 5, the continuous moment sum rule is derived. In § 6, we discuss the determination of the Regge parameters. In § 7 the results are summarized and discussions are given. This process is described by pn amplitude m 1 ,i related to S-matrix elements:
where MN is the mass of the proton. In the s-channel the differential cross section in the center-of-mass system is given by (2·2) where 0 IS the scattering angle and
The Mandelstam variables are defined as follows :
Here, we are interested only in the forward proton Compton scattering. In this case, there is only one independent variable. We take this to be vs = W (the total center-of-mass energy in the s-channel) or v (the incident photon energy) In the case of forward scattering, it is convenient to work in the laboratory system. The forward Compton scattering amplitude in the laboratory system is related to the one in the center-of-mass system by
Since the target proton is at rest in the laboratory system, J(v) must be written in the form
where E 1 and E 2 are the initial and final photon polarization vectors, respectively, u is the Pauli spin matrix and Xi and Xt are the initial and final proton spinors, respectively. The scattering amplitudes for which the spins of photon and proton are parallel and antiparallel are given by
The imaginary part of the amplitude is related to the total photoabsorption cross section*) for r + P----:)hadrons by the optical theorem, i.e., 
1 where a is the fine structure constant.
While for j 2 (v) we have the low energy limit
where tc is the anomalous magnetic moment of the proton.*) By using the low energy limit of j; (v) we can derive a sum rule such as
We will not discuss the above sum rule further. It is beyond the scope of this paper. We can also derive the once-subtracted dispersion relation for j; (v) showing explicitly the low energy limit (3·5)
We rewrite the dispersion relation usmg the optical theorem, .ft (R) (v) = I:; -. -
where ai (t) are even signature Regge trajectories exchanged in the t-channel and C is a real constant corresponding to the right signature fixed pole. at J = 0 in the angular momentum plane or J-plane and .
The derivation of this asymptotic form concerns the fixed pole at J = 1 and J = 0. If there is no fixed pole at J = 1, 2 l the Pomeranchuk pole P cannot contribute to the forward helicity non-flip Compton scattering amplitudes.
The imaginary part of Jt<R> (v) is given by
and the real part is g1ven by
In proton Compton scattering, it is found that the contributing trajectories are P, P', A 2 and P".
To derive the finite energy sum rule,
)'
24 l it is easy to follow the method used by Dolen, Horn and Schmidt in the case of pion-nucleon scattering. Thus the finite energy sum rule obtained is as follows:
This sum rule was first derived by Drell, Creutz and Paschos. 4 > this sum rule, they obtained c~ -7 ± 4 pb Ge V.
(4·4) Calculating Damashek and Gilman 5 > also investigated the forward Compton scattering by using the above sum rule and fitting total photoabsorption cross sections by P and P' (A 2 ). They used the high energy total photoabsorption cross section data measured at SLAC recently. The contributions of P' and A 2 were summarized by the simple effective pole P'. They argued that the residue of P and P' (A 2 ) were determined by the high energy fit of the amplitude assuming that ctp (0) = 1 and aP' (0) = aAz (0) = 0.5. The low energy part 'of the integral in the finite energy sum rule is performed by using the total photoabsorption cross section. They obtained the value -2.5 pb Ge V for C. Domingez, Feno Fontan and Suaya 12 l also investigated the forward Compton scattering, using the continuous moment sum rule. They also used the fit to
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two Regge poles P and P' (A 2 ) for high energies. They determined the Regge trajectories and their residues by the low energy data with the continuous moment sum rule. The resultant prediction for high energies is consistent with the high energy data. They also showed the presence of the right signature fixed pole at J=O.
These two works reached the same conclusion. However, we believe that the third vacuum pole P" is important also in Compton scattering. This pole is found in pion-nucleon scattering by evaluating the continuous moment sum rule. This problem and related topics are the main purpose of this paper. The fixed singularity in the forward Compton scattering will be established if we study the process with the above-mentioned three-pole fit. To study these pro~ blems, it is convenient to use the form of the continuous moment sum rule. § 5. Continuous moment sum rule
The continuous moment sum rule 25 ) is one of the most important consistency conditions imposed by the J-plane analyticity and the dispersion relation. It includes the finite energy sum rules as special cases.
We define a crossing odd amplitude without pole term by
where j 1 (0) = -a/ Mzr is the Thomson limit which contributes to the right signature fixed pole at J = 0. Since crossing relation for };_ (v) is even, fo (v) is odd under crossing. The optical theorem is now given by
47!
The modified dispersion relation for fo (v) is written as
To derive the continuous moment sum rule, we define the function 9! (v, x) by the equation 26 > where x is a real parameter and O<n<vo.
For the fixed pole at J = 0, the limiting process must be taken,
Sill n'aF.P,
The function q (v, x) is analytic in the V-plane except for cuts on the real axis and is odd under crossing
Therefore, from Cauchy's theorem, it is apparent that the integral on the closed contour as shown in Fig. 2 The discontinuity across the cut is given by
Substituting this expression into the above equation, we obtain the continuous moment sum rule
To examme the limit as r; tends to zero, we rewrite the sum rule 
The second term on the left-hand side of this sum rule diverges as r;~O for x <-2. The divergence disappears for x>-2. Taking the limit IJ----?0, we obtain the continuous moment sum rule which is independent of r;, On the other hand, by setting r; =Yo, we obtain the sum rules
These continuous moment sum rules contain Re fo (v) as well as Im fo (v). For the experimental check of these sum rule, we have to know the value of Re/ 0 (v). This quantity will be calculated using the dispersion relation from the known value of Im/ 0 (v). However, this is a troublesome work. To avoid this, it is most convenient to write the continuous moment sum rule in the form in which Re fo (v) is absent. The continuous moment sum rule without the real part of the scattering amplitude is first derived by Ferarri and Violini. 27 ) Following them, we can derive the sum rule without Re fo (0) from Eq. (5 ·13).
and
The digamma function ¢ (z) is defined by
where T (z) is the usual gamma function. This continuous moment sum rule has first been derived and used to investigate high energy proton Compton scattering by Domingez, Fontan and Suaya. 
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The experimental test of continuous moment sum rules is a consistency check between the high and low energy total photoabsorpt~on cross sections. There are many methods of testing the continuous moment sum rules. Among them, we choose a method in which Regge parameters are determined by the low energy data, using the continuous moment sum rule. Then, we compare the predicted total photoabsorption cross section at high energies with experiment. § 6. Determination of Regge parameters and residues
In this section, we give a method how to determine the Regge parameters from the total photoabsorption cross section at low energies using the continuous moment sum rule. We assume that the proton Compton scattering amplitude at high energies is approximated well by Regge poles with vacuum quantum number and a fixed pole at J = 0. We take here three vacuum Regge poles, namely the Pomeranchuk pole P, the second vacuum pole P' and the third vacuum pole P" as contributing ones. Since ar (t) = aA 2 (t), the pole P' means the effective contribution of P'-and A 2 -meson poles.
By the optical theorem and Eq. ( 4 · 2), the total photoabsorption cross section is given by
The total photoabsorption cross section must be continuous at v =N when considered as a function of v. Thus, we obtain a condition imposed on the parameters of the Regge poles:
where (JTL(v=N) is the total photoabsorption cross section at v=N given by the fit to the low energy data. Here, we used the fit to the total photoabsorption cross section data at low energies given by Damachek and Gilman. 
the finite energy sum rule is reduced to a simple equation
Another extended sum rule which is required by the J-plane analyticity and by the dispersion relation is the continuous moment sum rule. In the case that three vacuum poles, P, P' and P", and the fixed pole at J = 0 are contributing poles for high energy proton Compton scattering, one can write the continuous moment sum rule as
We assume that ap (0) = 1. The remaining parameters must be determined so as to satisfy the finite energy sum rule and the continuous moment sum rule. The results are tabulated in Table I and shown in Fig. 3 . We also calculate nG (N, x) for 28 values of x with various choices of parameters a, {3 and C usmg the right-hand side of Eq. (6 · 6), i.e.,
The results are also tabulated and graphed. In these calculations the parameters a's, {3's and C are determined by the requirement that nG 11 (N, x) must be equal to nGL (N, x) . Sets of parameters thus determined are tabulated in Table II . The predicted high energy total photoabsorption cross sections are graphed in Fig. 4 . Comparison with experimental results and with the predicted high energy total photoabsorption cross section is also shown in Fig. 4 . By this calculation, we find that the residue of the fixed pole at J = 0 is consistent in sign and magnitude with the Thomson limit j;_ (0) = -a/ M 1 v-; or more precisely we conclude that C = -(3 ± 0.1)
,ab GeV.
On the other hand, the contribution of the third vacuum pole P' is present. However, the residue of this pole varies In a relatively wide range, i.e., pp,=0.20rvl.OO ,ab GeV.
We also find ap,(O) = -0.45rv -0.65. These results are consistent with the parameters obtained from pion-nucleon scattering data using the continuous moment sum rule.
Assignment of the third vacuum pole to the known meson is done. As From these results, it is reasonable to conclude that the third vacuum pole contributes to proton Compton scattering as well as pion-nucleon scattering.
As shown in Fig. 4 , the predicted total photoabsorption cross section shows fairly good agreement with the data recently obtained at SLAC. § 7. Discussion and conclusion By evaluating the continuous moment sum rule, we investigated the presence of the right signature fixed pole at J = 0 and estimated the contribution of the third vacuum pole in the forward proton Compton scattering.
By our Regge-pole-model approach to high energy proton Compton scattering, it is found that the contributing Regge poles are three vacuum ones and the fixed pole at J = 0. These Regge poles are Pomeranchuk pole P, the second vacuum pole P' (A 2 ) and the third vacuum pole P".
In this investigation, the contribution of the A 2 meson is included in the contribution of P' and these are not separated in each other.
The third vacuum pole P" is assigned to the scalar meson since aP" (0) = -0.45"-'-0.65. The mass of the E meson is 750rv900 Me V.
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These results are already suggested for P" by investigation of pion-nucleon scattering.
The total photoabsorption cross section predicted by means of Regge-pole model with the fixed pole at J = 0, explains the data 14 ) ' 15 ) recently obtained at SLAC. Agreement with the experimental ~esults and with the prediction is fairly good.
We also find that the most reasonable value of C is certainly the Thomson limit /1 (0) = -a/ MN. Nevertheless, we cannot exclude the possibility that the small deviation of C from the Thomson limit may occur.
In the model where the strong interaction is switched off, the high energy limit of proton Compton scattering is given by the pole term only. In the actual case, this situation is altered much by the presence of the strong interaction.
The high energy limit of proton Compton scattering is, for the total photoabsorption cross section,. given by
The contribution of the third vacuum pole. P" to the total photoabsorption cross section is relatively small in comparison with P and P' (A 2 ) . Contribution of the third vacuum pole is about 1'"'"'3/Lb at v = 2 Ge V and negligibly small at , v = 20 Ge V. The need for the third vacuum pole is mainly due to the requirement of the continuous moment sum rule which is satisfied by the proton Compton scattering amplitude.
As far as the forward proton Compton scattering is concerned, we can explain the experimental results by the Regge-pole approach with fixed pole at J = 0. Still there are some important problems which are left for explanation. These are the scattering of the off-shell photons by the hadron, non-forward proton Compton scattering and other related topics.
· In particular non-forward proton Compton scattering 30 ) is one of the most important problems to be explained in the future.
